Abstract Improving patient engagement in HIV care is critical for maximizing the impact of antiretroviral therapy (ART). We conducted a systematic review of studies that used HIV-positive peers to bolster linkage, retention, and/ or adherence to ART. We searched articles published and indexed in Pubmed, PsycINFO, and CINAHL between 1996 and 2014. Peers were required to be HIV-positive. Studies were restricted to those published in English. Nine studies with n = 4658 participants met the inclusion criteria. Peer-based interventions were predominantly focused on improving adherence to ART, or evaluations of retention and adherence via viral suppression. Five (56 %) were conducted in sub-Saharan Africa. Overall findings were mixed on the impact of peers on ART adherence, viral suppression, and mortality. While positive effects of peer interventions on improving linkage and retention were found, there were limited studies assessing these outcomes. Additional research is warranted to demonstrate the impact of peers on linkage and retention in diverse populations.
Introduction
The HIV care cascade refers to the ongoing engagement in HIV care needed for people diagnosed with HIV to achieve viral suppression. Typically the care cascade includes diagnosis, initial linkage to care, initiation and adherence to antiretroviral therapy (ART), and retention in care over time [1] . Improving patient engagement in the HIV care cascade is critical for maximizing the impact of ART worldwide. Despite substantial increases in the number of individuals receiving ART in the past decade, the provision of long-term HIV treatment and care, particularly in lowand middle-income countries, remains challenging. Several recent systematic reviews have highlighted that additional efforts are needed to improve linkage to and retention in HIV care [2, 3] , as well as in supporting ART adherence [4] , among people living with HIV (PLHA).
The efficacy of interventions designed to improve linkage and retention in HIV care and adherence to ART has also been recently reviewed [5] [6] [7] . Interventions involving peers in various capacities were highlighted as one potential approach to improve the engagement of PLHA in care [5] . Peer interventions are a common strategy to promote and sustain various HIV-related behaviors [8] and employ the use of individuals who are similar to patients with respect to important demographic or social characteristics [9] . Peers play many roles in HIV prevention and treatment interventions, including educating patients, offering social support, and providing referrals for social services. Peers have also been employed as navigators, working directly with patients to identify and overcome specific barriers to accessing care and maintaining engagement in HIV care [7] . In these roles peers offer patients a combination of logistical assistance with navigating the health care delivery system (e.g., scheduling appointments, arranging transportation, etc.), as well as social and emotional support.
Despite a number of studies implemented to improve HIV outcomes through the use of peers, there has been a lack of conceptual clarity regarding the definition of peers [9] . Often, peers are defined as those who share risk behaviors or as individuals living in the same geographic region. However, the mechanisms through which peers may have an impact on behaviors may differ according to their shared characteristics. Our goal was to understand the impact of interventions that incorporated peers, defined explicitly as those who identified as PLHA, on linkage and retention of HIV-positive patients to HIV care and adherence to ART. By defining peers as PLHA, we sought to inculde studies that were designed to have an impact on patient behavior change or maintenance of care cascaderelated behaviors through the mechanism of their most salient social connection with peers. When peers share an HIV diagnosis, they may relate to HIV patients with respect to shared experience living with HIV and accessing HIV care. As a result, they may be able to offer support for experiences the patient undergoes following diagnosis, such as acceptance of HIV status and disclosure to family and friends.
Given the lack of an existing synthesis of research on the effectiveness of peer interventions to improve patient engagement in the HIV care cascade, and the lack of conceptual clarity regarding peers as PLHA in this context, we conducted a systematic review of studies that employed the use of HIV-positive peers to bolster patient linkage and/or retention in HIV care and/or adherence to ART.
Methods
This systematic review was conducted in accordance with the 2009 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) tool [10] . It also followed Cochrane Collaboration procedures, which specify guidelines for defining the systematic review question, searching for studies, selecting studies, extracting data, appraising the risk of bias in included trials, and analyzing data [11] .
Inclusion Criteria
This systematic review included any study that reported findings from an evaluation of peer-based interventions for PLHA designed to improve engagement in the HIV care cascade. A peer was defined explicitly as HIV-positive. Studies were not restricted to any geographic region and could involve PLHA from anywhere in the world. Our patient outcomes of interest included: linkage to care following HIV diagnosis, retention in HIV care over time, and/or adherence to ART. Definitions of linkage to care, retention in care and adherence to ART were based on the outcomes reported in the studies. Measurement of linkage and retention to care outcomes were variable and could include self-report, data abstracted from medical records, or viral suppression. Measurement of adherence to ART could include self-report, pill counts, electronic monitoring systems, or viral suppression.
Study designs included any randomized controlled trials (RCTs), quasi-randomized controlled trials, and nonrandomized controlled studies of peer-based interventions compared to any control group, in which control group outcomes were measured concurrently with intervention group outcomes. We did not a priori exclude studies of evaluations of peer-based interventions that were integrated into current HIV treatment programs, as long as there were comparable control groups with concurrently measured outcomes. No exclusions were made by control group condition (e.g., standard of care, no treatment, attention-matched treatment, etc.) or by demographic characteristics or any other characteristics of the peers. There were no exclusions by intervention setting, timing, dosage, program activities, or organization implementing or evaluating the intervention.
Literature Search
Reviewers conducted electronic searches in January and February 2015 of articles indexed in Pubmed, PsycINFO, and CINAHL between 1996 and 2014. We restricted the literature to studies published from 1996 onward, as this year marked the beginning of the era of HIV combination therapy. The search included terms specific to HIV/AIDS, peer-based interventions, and the relevant outcomes. Table 4 in Appendix and are available by request to the corresponding author. Additional studies were identified through examination of the reference lists of key papers. All publications were exported to an Endnote file (Endnote X7, Thomson Reuters, San Francisco, CA), merged, and the duplicates deleted.
Prior to conducting the initial review, two reviewers independently screened a subset of abstracts and achieved agreement on inclusion criteria. The two reviewers then independently screened all of the abstracts of the articles identified in the initial search for determining their inclusion criteria. They applied a liberal approach to the initial screen, including any potentially relevant articles for additional review. Two additional reviewers then independently screened any article that was potentially relevant and adjudicated inclusion criteria. After the initial round of screening of abstracts, all four reviewers examined the full text of published studies for inclusion in the final sample. Reviewers were not blind to the authors, funding, or any other characteristics of the studies reviewed. Study authors were contacted as needed for additional information. This was particularly relevant for determining the HIV-status of the peers. Statistical pooling of estimates was not possible owing to the heterogeneity of outcomes measured.
Data Extraction
Reviewers extracted data including details about the study design, participants, setting, intervention (including information about peers involved in the intervention), control groups, data collection methods, measurement of outcomes, and main findings. If the search included multiple reports from the same intervention, data were initially included from each article. Extracted data was then compiled and examined along a number of different axes including: study outcome (linkage, retention, and/or adherence), study setting (geographic region), study design (randomized controlled trial vs. other), and main findings (positive, negative or equivalent effects of intervention).
Assessment of Methodological Quality of Included Studies
Methodological quality of the intervention evaluations was assessed using the Quality Assessment Tool for quantitative studies developed by the Effective Public Health Practice Project [12] . Studies were assessed for selection bias, study design, confounders, blinding, data collection and withdrawals/drop-outs. Based on the ratings of each of the eight components, each study received an overall global rating of strong, moderate or weak. In order for a study to receive a strong rating, four of the six quality assessment criteria had to be rated as strong, with no weak ratings. A moderate rating was achieved if less than four criteria were rated strong and one criterion was rated weak. A weak rating was given if 2 or more criteria were rated weak. Following the quality assessment stage, the inclusion of studies and extraction of key findings was finalized. Extracted data were entered into a table of study characteristics including the quality assessment ratings for each study.
Results
The flow chart in Fig. 1 describes the articles examined and excluded in our search. In total 8567 studies were identified through the three databases, with 27 additional articles identified from reference lists of key papers. After removing duplicate records and reviewing abstracts for relevance, 54 studies were included in the full text review. It was necessary to contact the authors of ten papers from the full text review to determine the HIV-status of peers in the intervention. Following the full text review and correspondence with authors as needed, nine studies met the inclusion criteria. Table 1 provides a summary of the nine studies included in the review. Studies that met the inclusion criteria were primarily focused on improving adherence to ART (k = 8), with several that examined viral suppression as a measure of retention and adherence (k = 7), and only one on linkage to care. Five of the nine included studies (Chang et al. [13] , Hatcher et al. [14] , Kiweewa et al. [15] , Richter et al. [16] , Selke et al. [17] ) were conducted in sub-Saharan Africa, with the remainder conducted in North America (Enriquez et al. [18] , Purcell et al. [19] , Simoni et al. 2009 [20] , Simoni et al. 2007 [21] ).
The nine included studies enrolled n = 4658 participants at baseline. Study populations varied by sex and stage of HIV care cascade at baseline. Five studies (Chang et al. [13] , Selke et al. [17] , Enriquez et al. [18] , Simoni et al. [20] , Simoni et al. [21] ) recruited both male and female adult patients (n = 1924) from clinical HIV care venues, who were either ART naïve or initiating ART at baseline, with either demonstrated difficulty with adherence or no discernible adherence problems. Two studies, by Richter et al. [16] and Kiweewa et al. [15] , were restricted to adult women (n = 1285) recruited from prevention-of-motherto-child-transmission (PMTCT) programs. One study, by Purcell et al. [19] , recruited n = 966 injection drug users from community-based venues, with self-identification as HIV-positive as the only recruitment criteria related to the HIV care cascade. One study focused on linkage to care by Hatcher et al. [14] recruited n = 483 adults newly diagnosed with HIV through community-based counseling and testing.
Of the nine included studies, eight (Chang et al. [13] , Selke et al. [17] , Enriquez et al. [18] , Simoni et al. [20] , Simoni et al. [21] , Richter et al. [16] , Kiweewa et al. [15] , Purcell et al. [19] ) were identified as randomized controlled trials, with two of these (Chang et al. [13] , Richter et al. [16. ]) involving cluster randomization at the clinic level. The remaining study by Hatcher et al. [14] was a crosssectional follow-up of a cohort of adults newly diagnosed with HIV. This review included two interventions delivered using group sessions [16, 19] , individual sessions [18] or a combination of group and individual sessions delivered by a peer [13, 20, 21] . Sessions focused predominantly on social support and educational information about HIV and ART. Four studies (Chang et al. [13] , Selke et al. [17] , Kiweewa et al. [15] , Hatcher et al. [14] ) also included home visits by peers. Two studies (Enriquez et al. [18. ], Purcell et al. [19. ]) were developed according to a specific theoretical basis, and included content based on the transtheoretical model of behavior change [18] , or a combination of social learning theory, social identity theory, and the Information, Motivation and Behavioral Skills (IMB) Model [19] . Control conditions included standard of care [13, 15-17, 20, 21] or time/attention matched controls [18, 19] . Table 2 provides details on the results of the nine included studies. Seven of the nine studies (Chang et al. [13] , Enriquez et al. [18] , Kiweewa et al. [15] , Purcell et al. [19] , Selke et al. [17] , Simoni et al. [20] , Simoni et al. [21] ) measured changes in viral load, viral suppression, or viral failure, a surrogate marker that reflects both retention in care and adherence to medications. Of these, four studies found no differences in viral load outcomes comparing the peer intervention group with control groups [15, 17, [19] [20] [21] , while one showed positive intervention effects of improved adherence along with decreased viral load [18] , Additional records through other sources
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Total studies that met the inclusion criteria [16] ) showing a positive impact of peers on adherence, one (Purcell et al. [15] ) showing no effect of peers on adherence, and three (Chang et al. [13] , Simoni et al. [21] , and Simoni et al. [20] ) showing mixed results. Kiweewa et al. [15. ] used a non-inferiority trial design and demonstrated equivalent effects on adherence between peerbased intervention and standard of care (clinician-delivered care). Among the interventions with positive effects on adherence, the study by Richter et al. [16] was among pregnant women using PMTCT in South Africa, incorporating the use of peer mentors through a cluster randomized controlled trial design. Clinics were randomized to standard of care or the intervention, consisting of sessions with a peer mentor, and improved adherence was demonstrated during the post-natal period among mothers. Another study demonstrating positive intervention effects on adherence was by Enriquez et al. [18] . It was conducted among a small sample (n = 20) of patients who had documented non-adherence and were randomized to either an attention-matched control or a peer-led intervention focused on behavior change to improve adherence to ART.
Only two studies examined retention explicitly. Chang et al. [13] demonstrated reduced losses-to-follow-up in the intervention arm compared with the control arm, while Richter et al. [16] showed increased attendance at clinical visits post-partum for mothers accessing PMTCT services. Hatcher et al. [14] showed improved linkage to care following a visit from a peer navigator after HIV testing.
Methodological ratings for the nine studies are shown in Table 3 . Eight of the nine studies [13, [15] [16] [17] [18] [19] [20] [21] were rated as having a strong overall quality, with strong scores given for selection bias, study design, control of confounders, data collection methods, and reporting of withdrawals and dropouts. One study [14] received a moderate rating overall, with a weak rating for selection bias, moderate ratings for study design and data collection methods, and strong ratings for confounders and reporting of withdrawals and dropouts. This study was not a randomized design, had moderate levels of acceptance of the intervention among those participating, and relied on self-reported measures of linkage to care [14] . No study received a weak overall rating.
Discussion
The results presented in this systematic review suggest that despite strong quality ratings of the included studies, consistent evidence does not yet exist on the use of HIVpositive peer interventions to improve engagement in HIV care and adherence to ART among PLHA. Evidence of the impact of peers on patients' viral suppression and medication adherence was mixed. Two non-inferiority studies showed that peer interventions performed similarly to standard care on clinical outcomes [15, 17] . However, studies with viral suppression as the outcome showed a greater number of null findings. Although reasons for the null effects on viral suppression outcomes differed according to each included study, previous research has noted the challenges in testing HIV prevention trials on biomedical outcomes due to inadequate power, choice of control group, and other methodological considerations [22] . Positive effects of peers were seen for adherence to medications in two studies, though there were limitations in terms of the generalizability of the findings from these trials, with one conducted among pregnant women in South Africa [16] and the other among a small sample (n = 20) of non-adherent patients in the USA [18] . The findings of this study indicated that peer-based interventions might be a promising approach for linking patients to care and retaining patients in HIV. Because we restricted this review to studies examining the role of HIVpositive peers on improving outcomes along the HIV care cascade, the role of social connection and support from another person living with HIV may be more salient for engaging with clinical care, compared with the daily task of taking medications. However, only two studies measured retention explicitly using rates of lost-to-follow-up or adherence to clinic visits [13, 16] , and only one study of linkage to care was identified in this literature search [14] . The preliminary evidence from these studies, however, suggested that peers had a demonstrable impact on linkage to and retention in HIV care, although one study was not a randomized controlled trial and had limitations in terms of potential biases [14] . Additional research is urgently needed to expand our understanding of the impact of peers on retention in HIV care and on linkage to care in a variety of diverse settings. In addition, studies outside of North America and sub-Saharan Africa would add to the evidence base for the generalizability of intervention approaches incorporating the use of HIV-positive peers.
This study attempted to clarify the definition of a peer by restricting inclusion to evaluations of interventions that involved peers who explicitly identified as HIV-positive. Qualitative research suggests two potential mechanisms whereby HIV-positive peers may have an impact on behaviors critical to engagement in HIV care. The first suggests that the emotional and social support provided by the peer may lead to reductions in symptoms of distress caused by an HIV diagnosis and/or to acceptance of the need for long-term healthcare. The connection formed around the shared experience of peers who are living with HIV may have beneficial impacts on health and well-being [23, 24] . Secondly there may be reductions in internalized stigma, whereby the PLHA witnesses firsthand, through interaction with a designated peer, how HIV is not necessarily a ''death sentence,'' but can be a chronic, manageable condition when appropriately engaging with care and treatment [25, 26] . It is interesting to note that effective interactions among peers may depend on subgroup identities and the particular stage of HIV illness. For example, Yan et al. demonstrated improved linkage to care in China among men who were newly diagnosed and offered peer support by other men who have sex with men (MSM) through a community-based agency, compared with those followed up by health professionals [27] .
Positive effects identified in this review suggest that peer interventions may have particular utility in resource-constrained settings. Indeed, over half of the included studies were conducted in resource-limited settings in sub-Saharan Africa. Of these five studies, two were non-inferiority trials intended to demonstrate that models of care delivery incorporating the use of peers were equally effective as standard care delivery models that relied on the use of more highly trained professionals such as physicians [15, 17] . In settings with heavy burdens on the healthcare infrastructure, high patient loads, insufficient numbers of trained healthcare personnel, and significant migration of healthcare workers to more lucrative sectors and regions, peer-based interventions for improving engagement in the care cascade may be particularly cost-effective. However, we are not aware of any studies on cost-effectiveness of peer-based models.
A limitation of this review was the inability to isolate the impact of the peer intervention apart from other services and interventions that were being offered to patients either along with the peer intervention or to the clinic [15] . In addition, this review included a broad scope of primary research, including studies measuring different outcomes along the HIV care continuum, which affected our ability to combine results for a meta-analysis. This review also highlighted a number of gaps in the existing literature on the evaluation of peer interventions. Detailed information about the peers involved in program delivery was minimal and inconsistent across studies. There were few studies that focused on most-at-risk-populations. We found only one study that used peers to assess linkage to care among MSM [27] , but this study was excluded because the peers were not explicitly HIV-positive. Future work on peer-led interventions for linkage and retention among vulnerable populations using rigorous evaluations methods may provide more robust findings among most-at-risk-populations who are difficult to access. The results of this study also substantiate the need to standardize outcomes representing the stages or steps along the HIV care cascade, in order to facilitate comparisons between studies. Even among the seven articles that measured biological outcomes, results were reported as a mix of viral suppression/failure at differing cut-points for detectability and/or changes in log viral load. This also limited our ability to conduct meta-analyses on the results from each trial. Efforts to harmonize measures and operational cut-points for assessing indicators of all steps along the HIV care continuum are recommended, in order to facilitate evidence synthesis and policy decision-making.
Conclusions
This systematic review suggests that peer interventions involving PLHA might have an impact on linking and retaining patients in HIV care, with mixed effects on adherence and viral suppression outcomes, but the effectiveness varied by study design and outcome measure to the extent that no consistent effect could be ascertained. Peerbased approaches appear to be broadly implemented [9] , despite having an evidence base that remains quite limited, and thus the call for additional research. Future work in carefully designed studies with sufficient power to detect modest effects could help demonstrate the effectiveness of peers and for which outcomes they can be maximally successful in linkage, retention, and adherence to ART. 
